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ABSTRACT
Sports-related concussion caused by either direct or indirect force to the head is a form of 
mild traumatic brain injury (mTBI) that results in a disturbance in brain functioning.  This 
disturbance may affect the athlete’s ability to participate in sports, pursue vocations or 
experience success academically.  Because mTBI is a health concern with need for medical and 
clinical management, it is imperative to determine which features of concussion influence or 
impact recovery.  These features, or prognostic indicators, include gender and may impact 
recovery and overall outcomes. 
The purpose of this study is to determine whether males and females differ in concussive
symptoms after sport related injuries.  This may ultimately change the way concussions are 
managed from the sideline, in the emergency department, and during rehabilitation therapies
until finally, determination of returning to play.  The study design is a retrospective cohort study 
with data collected from the 2015, 2016, and 2017 soccer seasons from northern Indiana’s South 
Bend school corporation.  Data collection methods consisted of concussion symptom information 
being collected by athletic trainers (AT) from the time a player sustained a sport related mTBI 
until the player was asymptomatic. The participants consisted of male and female high school 
soccer athletes injured during practice or during a game. Male and female players were 
compared for number of symptoms, severity of symptoms and duration of symptom complaints.  
The results of the study revealed that females reported an increased number and level of severity 
of concussion symptoms. Females experienced a longer duration of recovery that is becoming 
asymptomatic when compared to males.
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1Chapter I
INTRODUCTION 
During the 4th International Conference On Concussion, researchers sought to 
clarify the term concussion and separate it from mild traumatic brain injury (mTBI).
Aconcussion is brain injury defined as a “complex pathophysiological process affecting the 
brain, induced by biomechanical forces” (McCrory, Meeuwisse, Aubry, Cantu, Dvorak, 
Echemendia & Turner, 2013, p. 179). The cause of a concussion, according to the authors, may 
be direct or indirect force and varies in severity, duration and outcome. After a player has 
suffered a concussive injury, it is important to identify the mechanism of injury, symptoms after 
injury and severity of trauma prior to returning that player back to the field or academic 
classroom. There may be a rapid onset of clinical and cognitive symptoms after a concussive 
injury (Almasi & Wilson, 2012).
The understanding of concussion and professional compliance with current medical 
evaluations, concussive management protocols and consistency with which protocols are being 
implemented is critical for the care and outcome of the injured player (King & Kirwilliam, 2013; 
Scorza, Raleigh, & O’Connor, 2012). The incidence of concussive injuries has increased over 
recent years despite increased attention to safety equipment and education for the public
(McKinlay, Bishop, & McLellan, 2011). As the incidence of injuries increase so does the trend 
of increasing numbers of individuals with concussive injuries pursuing treatment (Guay, 
Lebretore, Main, DeFrangesco, Taylor & Amedoro, 2016). Even so, there remain varying 
viewpoints in clarifying the definition of concussion, its management and protocols for 
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treatment. The general public’s understanding is also a key component to reducing the incidence 
of under-recognizing and under-reporting possible concussive events (King, Brughelli, Hume, & 
Gissane, 2014; McDonald, Burghart, & Nazir, 2016).
Concussion Issues and Recommendations
Gender and concussive injuries  
Cancelliere, Donovan and Cassidy (2016) asserted gender has a role in an individual’s 
health, as biological processes between the genders are different, asserting that concussive 
injuries would be experienced differently as well. Gender differences in concussive injuries may 
play an important role in understanding and projecting overall health related quality of life, and 
improving self-efficacy, and overall outcomes (Moore, Ashman, Cantor, Krinick, & Spielman, 
2010; Ono, Burns, Bearden, McManus, King & Reisner, 2016; Tierney, Higgins, Caswell, 
Brady, McHardy, Driban & Darvish, 2008).  These differences encompass the reporting of 
injuries, symptoms experienced by players, the severity and duration of those symptoms and 
recommendations for management.  An understanding of gender differences in concussive 
injuries, symptoms and treatment may lead towards gender specific standardized management 
(McDonald, Burghart & Nazir, 2016; Ono et al., 2016).
According to Putukian, Raftery, Guskiewicz, Herring, Aubry, Cantu and Molloy (2013)
the player should be assessed initially at the sideline of the field of play.  This assessment is also 
known as an “on the run” assessment meaning there is limited time to rule out spinal and or brain 
injuries as officials may be waiting to continue a game or event once the status of an injured 
player is determined.  The sideline assessment is effective in identifying injuries to the cervical 
spinal as well as a severe brain injury. Shim, Smith and Van Luen (2015) assert the need for a 
standardized process for identifying signs and symptoms of a concussion injury.  That is, 
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identifying the on-field signs and symptoms that should be targeted. This abbreviated assessment 
may lead to a player being pulled out of the game and evaluated more thoroughly off the field or 
transported to an emergency department (ED) (Jaebin, Smith, & Van Lunen, 2015; Putukian et 
al., 2013).
Return to learn and return to play
Return to learn (RTL) and return to play (RTP) recommendations are a part of 
concussion management (Darling, Freitas, & Leddy, 2015; Wasserman, Bazarian, Mapstone, 
Block, & van Wijngaarden, 2016). The RTL process focuses on returning the concussed player 
to the classroom while RTP address a player’s readiness after a documented injury to begin 
reintegrating in sports or physical activities that include a risk of injury. A standardized graded 
plan assists in supporting sport participation reintegration and reduces the health risk of the 
player. For both RTP and RTL, post-exertion monitoring of symptoms should be a part of the 
decision-making protocol (Diaz, 2014; Eastman & Chang, 2015; Echemendia, Giza, & Kutcher, 
2015; McGrath, Dinn, Collins, Lovell, Elvin & Kontos, 2013). In conjunction with an RTL
accommodation plan for academic support, a player should also be monitored before returning to 
the field after an injury (Glang, Tois, Thomas, Hood, Bedell & Cockrell, 2008; Schilling & 
Getch, 2012). By recognizing or identifying medical and neurocognitive consequences of a 
concussive injury those involved in the treatment of an injured player may provide 
comprehensive and appropriate care. The timeline for RTL requires understanding symptoms of 
a concussive injury and the resulting recovery process, which vary per individual case (Carson,
Lawrence, Kraft, Garel, Snow, Chatterjee & Frémont, 2014). Thus, it is important that a
comprehensive accommodation plan be active for the duration of the player’s symptoms or 
symptom complaints. These accommodations will vary because they are based on the type and 
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severity of the concussive injury as a player and resulting academic needs of the student (Darling 
et al., 2015; Scorza et al., 2012).
Purpose of study
The purpose of this study is to determine whether there are gender differences in 
concussion symptoms and if so, what they are in order to advance an understanding of 
concussion, which may include gender-specific protocols. There is an increased participation of 
female athletes in a variety of sports including soccer (Raukar et al., 2014). This increase in 
female soccer player participation may allow for a comparative balance between males and 
female players. The rules of the game of soccer are the same for each gender. Soccer is a sport 
in which the player’s head is used, known as heading, to advance the ball. In Indiana, heading 
the ball is prohibited in both younger male and female players before high school. This lack of 
experience in the younger players leaves them more susceptible to injuries as they enter high 
school athletics. Concussion protocols from sideline assessments to emergency department (ED)
management for male and female players continue with the same protocols. However, the 
severity, type and duration of symptoms between males and females may vary. A focus to 
develop standardized protocols for soccer, based on gender, is of prime importance in order to 
advance in the study of concussion with high school soccer players. 
Theoretical Framework
Despite concussive injuries receiving increased attention in recent years resulting in 
clinical procedures being developed for assisting with injured high school and college athletes, 
there remain inconsistencies in identification and management of these injuries (Shim et al.,
2011). Researchers have sought to determine whether gender differences in these injuries should 
be addressed differently or, at a minimum used to project recovery in terms of symptom type, 
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symptom resolution time, and decision-making for RTP and RTL (Shim et al., 2011).  In other 
words, diagnosing, recommendations for RTL and RTP and use of exertion protocols are varied. 
Failure to recognize concussion symptoms may result in repeated injury and poorer long-
term outcomes for RTL and RTP. Several questions arise from the above considerations in the 
studying concussion symptoms. These include whether or not female players are more at risk for 
more severe injuries than male players. Other questions consist of whether or not there is a need 
for more academic support for female players than for male players and if female players recover
from concussion faster than male players.
According to Baker, Rieger, McAvoy, Leddy, Master, Lana and Willer (2016) and 
Tierney et al. (2008) female players may be at a greater risk of sustaining a concussive injury 
when compared to male players. Variables between the two groups consist of physical 
differences characterized by smaller neck size and strength and a smaller head-to-ball ratio as 
well as females experiencing an increased speed of head acceleration because of the smaller size. 
For female soccer players, the impact of head acceleration is directly related to a brain injury. 
With the development of a standardized symptom rating scale, it is possible to compare 
genders with concussive injuries. In particular, concussive injuries sustained in male and female 
soccer players between the ages of 14 to 18 years of age as protocols for data collection and 
symptom tracking are improving. While other assessments are included in the review of 
concussion management, this study focuses only on the symptom rating scale of the Sport 
Concussion Assessment Tool-3 (SCAT-3) (McCrory et al., 2013) (see Appendix C) and the 
Sport Concussion Assessment Tool-5 (SCAT-5) (Echemendia et al., 2017) (see Appendix D).
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Chapter II
LITERATURE REVIEW
Medical Definition Of Concussion
Concussions have received more media attention in recent years primarily focusing on 
sport injuries of well-known individuals (Giza, 2014).  Advancements have been made in the 
clarification of the definition of concussion as well as guidelines for its management.  As 
previously stated, concussion is defined as a direct or indirect force to the head that results in a 
change in behavior. The term concussion is distinguishable from more severe traumatic brain 
injury (TBI) as results of conventional neuroimaging are negative for brain injury (Noble & 
Hesdorffer, 2013). The use of the label mTBI is another definition for concussion; however, the 
designation of “mild” may be misleading.  The use of the term mild must be delineated in 
reference to brain injury as even a brain injury that is diagnosed as mild may still be present and 
require medical services (Almasi & Wilson, 2012; Phillipou, Douglas, Krieser, Ayton, & Abel, 
2014; Smits, Hunink, Nederkoorn, Dekker, Vos, Kool & Dippel, 2011).
Almasi and Wilson (2012) sought to advance the clarity of defining concussion by 
categorizing concussion as simple-symptoms resolve within seven to ten days or complex with 
symptoms persisting beyond ten days.  Dominguez and Raparla (2014) also sought to improve 
the understanding of concussion by interchanging the terms mTBI with concussion.  This was 
accomplished by grouping a concussive event into two phases.  Phase one, the initial injury, 
provides information regarding the mechanism of injury.  Phase two, the secondary injury,
includes the metabolic reaction, metabolic and ionic changes after impact, and diffuse axonal 
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injury and shearing forces.  The presence of a normal computerized (CT) scan or magnetic 
resonance imaging (MRI) scan of the brain after injury does not rule out brain damage (Smits et 
al., 2011).  Normal medical test results may occur with severe subjective symptom complaints, 
which add to a post concussive syndrome (PCS) controversy, which is why understanding the 
symptoms, or “behaviors” of concussion are important.
Symptoms Of Concussion
While there is a benefit to having a system for defining a concussive injury, it is also
essential to recognize and understand the symptoms of a concussive injury (Carroll-Alfano, 
2017).  Schrader, Mickeviciene, Gleizniene, Jakstiene, Surkiene, Stover and Obelieniene (2009)
reported that many individuals have complaints of persistent non-specific symptoms following 
concussive injuries.  Hartwell, Spalding, Fletcher, O'Mara, & Karas (2015) reported that many 
symptoms are immediate post-injury with a rapid, spontaneous resolution.  According to Trontel, 
Hall, Ashendorf, and O’Connor (2013) and Villemure, Nolin, and Le Sage (2011), concussive 
symptomatology is divided into three separate categories that include cognitive, 
psychological/emotional and physical. The cognitive symptoms are characterized as problems 
concentrating, slower thinking speed and memory problems.  The psychological/emotional 
symptoms involve behavioral issues related to increased irritability, frustration, lability and 
impatience.  Villemure et al. (2011) defined the somatosensory symptoms as headaches, 
dizziness, nausea, fatigue, and noise sensitivity as well as visual changes characterized by double 
vision and light sensitivity (see Table 1). According to Mansell, Tierney, Higgins, McDevitt, 
Toone and Glutting (2010) any player exhibiting signs and symptoms of concussion should be 
diagnosed as having a concussion. Carroll-Alfano (2017) emphasized the importance of
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concussion education for student athletes to improve their understanding of concussion 
symptoms in order to recognize and report their occurrence. 
Table 1. Concussion symptoms and categories 
Concussion Symptoms Category
Headache Somatosensory
Pressure in head Somatosensory
Neck pain Somatosensory
Nausea or vomiting Somatosensory
Dizziness Somatosensory
Blurred vision Somatosensory
Balance problems Somatosensory
Sensitivity to light Somatosensory
Sensitivity to noise Somatosensory
Feeling slowed down Cognitive
Feeling like in a fog Cognitive
Don't feel right Somatosensory
Difficulty concentrating Cognitive
Difficulty remembering Cognitive
Fatigue or low energy Somatosensory
Confusion Cognitive
Drowsiness Somatosensory
More emotional Behavioral
Irritability Behavioral
Sadness Behavioral
Nervous or anxious Behavioral
Trouble falling asleep Somatosensory
These symptoms may be observed as specific behaviors or responses following injury, as 
noted by the Center for Disease Control (see Table 2). It is necessary to recognize these signs 
and symptoms as those athletes that RTP while still symptomatic increase their risk of repeated 
injury and greater complications (Haran, Bressan, Oakley, Davis, Anderson & Babl, 2016; 
Hartwell et al., 2015; Jaebin et al., 2015).
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Table 2. Center for Disease Control Heads Up concussion program list of identifying signs of 
concussion.
Concussion signs
Appears dazed or stunned
Is confused about assignment or position 
Forgets sports plays
Is unsure of game, score, or opponent 
Moves clumsily
Answers questions slowly
Loses consciousness (even briefly)
Shows behavior or personality changes
Can’t recall events prior to hit or fall
Can’t recall events after hit or fall 
It has been well documented that concussion, caused by direct and indirect forces to the 
brain, is a common medical problem (Almasi & Wilson, 2012; Baillargeon, Lassonde, Leclerc, 
& Ellemberg, 2012; Villemure et al., 2011). Unfortunately, the language descriptions for 
concussions have not been definitive or consistently disseminated to players, their families, and 
coaches (Leitch, Ayers & Andrews, 2015).  McKinlay et al. (2011) state the language of 
concussion and mTBI is so varied and contradictory with a lack of consistency that creates 
confusion for the public. The variation in the management of concussion has also lead to limited 
agreements on clarification in terms of severity scales and classifications (McKinlay et al., 2011; 
Scorza et al., 2012). Leitch, Ayers and Andrews (2015) assert the education of players in the 
symptomology of concussion is important for improving recovery and avoiding potential for 
additional injuries. 
The resulting symptoms of concussion may also be misleading.  Pieper & Garvan (2014)
assert that parents may only be concerned with concussive injury if there are symptoms of 
headache, difficulty sleeping or persistent problems in school performance. This may result in 
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the concussed child not be identified as having been injured without perceived symptoms or 
changes in their behavior.  Under diagnosing injuries may interfere with a player receiving 
medical treatment.  According to Solomon & Zuckerman (2015) the perception of concussion 
must be addressed as not all cases resolve completely. Researchers assert cases of concussion 
without a clear diagnosis are at risk of prolonged, chronic symptom complaints (Jun, Lisa, Brett, 
Yushi, Jonathan & Jamshid, 2016).  Clarifying the definition of concussion and increasing 
identification and management of symptoms are important steps in avoiding both the short and 
long-term consequences of concussion and improving recovery (Edwards & Bodle, 2014; 
Snedden, 2013).
Sport-Related Headache
Posttraumatic headache (PTH) has been classified as a secondary headache disorder 
according to Lucas and Blume (2017). That is, they are the result of a causal event such as a 
TBI, as opposed to a primary headache, which has no causal event such as a migraine. PTH is 
the most commonly reported symptom after concussion and is normally experienced shortly after 
the injury has occurred (Heyer & Idris, 2014; Miller-Phillips & Reddy, 2016). The headache 
may be classified as acute or chronic depending on the length of duration of the symptom. Acute 
recovery of PTH is defined as resolution of this condition within three months while a chronic 
PTH persists beyond that time frame (Heyer & Idris, 2014).  Begasse de Dhaem, Barr, Balcer, 
Galetta, and Minen (2017) used the symptom of PTH in conjunction with a self-rating symptom 
scale for prediction of duration of recovery.  They demonstrated a correlation between PTH and 
other somatosensory symptoms of concussion such as blurred vision, sensitivity to light and 
noise, neck pain and nausea or vomiting. The authors suggested the use of the SCAT-3 symptom 
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scores for measurement of concussion symptoms, specifically headache and its correlated 
symptoms, is an effective instrument for tracking recovery.
Sport-Related Concussion
According to Noble and Hesdorffer (2013), sport-related concussion (SRC) is a mTBI 
affecting approximately 300,00 young American adults each year. Even though this is an 
increasing occurrence, not all injuries are being identified by professionals, reported by athletes 
or managed appropriately after injury.  In an effort to advance clarification of concussion and the 
forces to the brain, Villemure et al. (2011) suggested that these forces should be divided into two 
categories, direct and indirect, which provide clarification of the definition and improve 
identification. The direct force injury is characterized as a blow or shock to the head.  An 
episode of direct force trauma assists with an objective diagnosis of injury due to visible signs to 
the head, scalp and/or skull.  The indirect force of injury, defined as inertia, results from a rapid 
acceleration and deceleration in the movement of the head.  An episode of indirect force jolts the 
brain violently within the skull and exceeds the mechanical limits of the brain’s capacity to move 
and stretch.  This can result in a covert injury of the brain. Both direct and indirect forces 
contribute to the occurrence of concussion and subsequent symptoms, including headache, 
dizziness, and cognitive slowing.
Post-Concussive Syndrome
Schrader et al. (2009) reported that many individuals have complaints of persistent non-
specific symptoms following concussive injuries.  Symptoms of concussion that persist over an 
extended duration, beyond the acute stage, result in PCS.  This encompassing term depicts 
prolonged neurocognitive, behavioral and somatosensory symptoms (MacFarlane & Glenn, 
2015; McCarthy & Kosofsky, 2015). While some individuals may experience more evident 
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symptoms of PCS, others may have milder or fewer symptoms such as sleep disturbances or 
fatigue.  According to Sandel, Schatz, Goldberg and Lazar (2017), the recovery period from 
concussion is seven to ten days; a longer period of time is indicative of a protracted recovery. 
PCS has many definitions with researchers seeking to determine what symptoms/factors may 
result in this condition and may be used for identification, management, and projecting outcomes 
(Kerr, Zuckerman, Wasserman, Vader Vegt, Yengo-Kahn, Buckley & Dompier, 2018).  PCS is 
essentially the presence of at least one symptom from a concussive injury that persists beyond 
the acute stage of recovery.  
The identification of PCS is not clear-cut as symptoms of concussion may be 
misdiagnosed.  Mild symptoms, lack of awareness within the general public in identifying the 
occurrence of a concussive injury, and PCS are contributing factors to suboptimal management 
of these injuries. Dean, O’Neill, and Sterr (2012) demonstrated that the general public, without a 
history of a head or brain injury, interpreted similar symptom complaints as a concussed group.  
That is, the presence of symptoms (e.g. headache, drowsiness, anxiety), may be present in a 
nonconcussed individual and should not be misinterpreted as a concussion symptom. This 
reinforces the need for clarification of diagnosis and monitoring of recovery. Particularly, 
improved assessments to distinguish PCS from other sports related injuries or co-morbid 
conditions not related to concussion are warranted for optimal outcomes.  
Concussive Injury and The Brain
Neurophysiology of Concussion
Knowledge of normal neurological structures and functions are important for the 
understanding of changes brought about by direct or indirect forces according to Livingston 
(2011). The complexity of the brain makes this difficult as the brain is comprised of multiple 
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systems and networks that may be affected by concussion (Leddy, Baker, Haider, Hinds &
Willer, 2017). Jünger, Newell, Grant, Avelinno, Ghatan, Douville and Winn (1997) stated that
multiple systems include the vestibular system, autonomic nervous system, cerebral vascular 
system, and the cardiac system may be involved. According to Zhu, Covassin, Nogle, Doyle, 
Russell, Pearson and Kaufman (2015), it is hard to predict which areas of the brain will be 
impacted by a sports-related injury. Livingston (2011) categorized each system by connecting 
the system to each symptom of concussion. The cerebral cortex categories included the frontal 
lobe functions consisting of cognitive processes related to attention, memory, reasoning using 
forethought and planning, and concentration. 
Injury to the temporal lobes may also affect memory and skills of recognition, the 
cognitive symptoms of concussion. The parietal lobes process sensory information such as 
spatial orientation.  The occipital lobes process visual information are susceptible to vision 
disturbances after injury (Livingston, 2011). The vestibular system regulates equilibrium and if 
injured may contribute to balance difficulties and hearing disorders. The brain stem contributes 
to consciousness, sleep, respiratory control, and cranial nerve functions (Livingston, 2011).  
According to Ropper and Gorson (2007), injury to the upper midbrain and thalamus may result 
in loss of consciousness (LOC).  Given the extensive network of connections within the brain, 
the concussed individual should be monitored for changes in symptomology, such as increased 
drowsiness, vomiting, or even word retrieval difficulties, as such alterations may be an indicator 
of possible subdural intracerebral bleeding (Ropper & Gorson, 2007).
Autonomic Dysregulation
The autonomic nervous system (ANS), which is comprised of the sympathetic and 
parasympathetic systems is normally in balance in terms of excitation and inhibition processes 
  14
 
(LaFountaine, 2017; Leddy et al., 2017). The sympathetic system is involved in the “fight or 
flight” response, which involves the release of epinephrine and norepinephrine and 
vasoconstriction in the body (Esterov & Greenwald, 2017). The parasympathetic nervous system 
returns the body to equilibrium and is the “rest and digest” response.  A response to mTBI may 
include dysfunction of the ANS which is recognized by an increase in concussive 
symptomology, including cardiac issues such as disrupted heart rate regulation and disturbances 
in sleep regulation, motor control, and cognitive processes (Esterov & Greenwald, 2017; 
LaFountaine, 2017; Lagos, Thompson, & Vaschillo, 2013).  Regulation of the ANS may be 
measured by changes in heart rate and responses to controlled exercise in terms of blood pressure 
and symptom reporting. Leddy et al. (2017) asserted that individuals with autonomic 
dysregulation following concussion were experiencing a predominance of their sympathetic 
nervous system response. This phenomenon exacerbated concussive symptoms by reduced 
blood flow regulation and heart rate regulation.
Cerebral Blood Flow
It has been well established that the circulation of the brain’s blood flow adapts to both 
internal and external environmental changes and demands while maintaining a constant level 
(Jünger et al., 1997). The ANS assists with cerebrovascular profusion efficiency; changes in 
cerebrovascular blood flow may be related to concussive symptomology and possibly the 
prolongation of post-concussion symptoms (Albalawi, Hamner, Lapointe, Meehan, & Tan 2017; 
DeWitt & Prough, 2003; Pertab, Merkley, Cramond, Cramond, & Wu, 2018).  Cerebral blood 
flow has been shown to change during the acute stages of SRC characterized by an increase in 
C02 production which leads to reduced vasoreactivity; that is, contraction of blood vessels 
(Steenerson & Starling, 2017).  The supply and demand of oxygen and glucose may out of sync 
resulting in a metabolic mismatch, which is revealed as concussion symptomology (Wang, 
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Nelson, LaRoche, Pfaller, Nencka, Koch, & McCrea, 2016).  Neurocognitive recovery may be 
restored to baseline levels at rest but cerebral blood flow abnormalities may persist during 
physical activity and/or cognitively demanding tasks (Churchill, Hutchison, Richards, Leung, 
Graham & Schweizer, 2017; Wang et al., 2016; Len, Neary, Asmundson, Goodman, Bjornson & 
Bhambhani, 2011).  Constantine, Mihu, Crisan, Sovrea, Susman, Bosca and Jianu (2018)
concurred with this stating that during this stage of recovery, the brain may experience a 
reduction in speed of responsiveness.  Researchers also stated that changes and reductions in 
cerebral flow including velocity of blood flow might persist for weeks after a concussive injury, 
thus prolonging many symptoms noted after concussion (Constantine et al., 2018).   
Axonal Injury
Diffuse axonal injury (DAI) is the result of damage to axons and small vessels by external 
forces to the brain.  DAI may be microscopic but has been determined to be the source of 
cognitive problems in patients with TBI (Moenninghoff, Kraff, Maderwald, Umutlu, Theysohn, 
Ringelstein & Schlamann, 2015; Sugiyama, Kondo, Higano, Endo, Watanabe, Shindo & Izumi, 
2007). According to Hunea, Damian, David, Diac, Illiescu and Ciocoiu (2017), axons move and 
stretch during normal head movements. However, rapid acceleration and deceleration forces to
the brain, and/or excessive rotation, result in sheering, tearing, and stretching of the white matter.  
The white matter damage interferes with connectivity of various brain regions, thus contributing 
to the various cognitive deficits associated with cognitive injuries. Esbjornsson, Skoglund, 
Mitsis, Hofgren, Larsson and Sunderhagen (2013) and Smits, Houston, Dippel, Wielopolski, 
Vernooij, Koudstaal and van der Lugt (2011) assert that DAI affects necessary skills for daily 
life functioning such as working memory capacity and selective attention. 
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Although DAI may be present post-concussion, it is not always identified on standard 
neuroimaging such as CT scans and MRI protocols (D'Souza, Trivedi, Singh, Grover, Coudhury, 
Kaur & Tripathi, 2015). A more effective means of assessing DAI is diffusion tensor imaging 
(DTI), an advanced neuroimaging technique that reveals white matter integrity by assessing 
water diffusion along myelin sheaths (Ken, Takeo, Yoshimi, Yutaka, Mari, Hiroshi & Shin-Ichi, 
2013). Niogi, Mukherjee, Ghajar, Johnson, Kolster, Sakar and McCandliss (2008) showed a 
relationship between the extent of DAI and reduced reaction time measures during completion of 
cognitive tasks; they hypothesized that possible variations in results may be due to normal white 
matter variations among the population.  Similarly, Ken et al. (2013) and Smits et al. (2011) have 
demonstrated the correlation of concussive symptoms with microstructural injury using DTI.
Neurometabolic Cascade
According to Domínguez and Raparla (2014), the pathophysiology of concussion is not 
clearly understood primarily because of the neurometabolic events that occur with a concussive 
injury. At the same moment after the brain experiences a biomechanical injury an immediate 
release of neurotransmitters occurs.  This release evolves into a cascade of neuronal 
depolarization; increases in glucose demands, widespread changes in cerebral blood flow, and 
reduced axonal functioning (Chamard, Lassonde, Henry, Tremblay, Boulanger, DeBeaumont & 
Théoret, 2013; Domínguez & Raparla 2014; Giza & Hovda, 2001). The initial injury results in 
the efflux and influx of potassium and calcium, which causes the increased activity of the sodium 
potassium pump in order to reestablish equilibrium. This causes an increase in glucose 
consumption and reduced energy storage and metabolism (Blennow, Hardy & Zetterberg, 
(2012).  The neurometabolic cascade may result in increased duration of concussive symptom 
complaints as well as causing the brain to be more susceptible to secondary trauma (MacFarlane 
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& Glenn, 2015).  Repeated concussions during the recovery stage, according to Giza & Hovda 
(2001), increases the risk of cell death. Choe (2016) and Patterson and Holahan (2012), reported
on the neuroinflammatory response to concussion, which is the result of the cascade. The 
inflammatory cells provide a scavenger service that collects debris while it provides a barrier 
between damaged and undamaged cells. According to Choe (2016) research has not determined 
if the neuroinflammation is a protective response or if it promotes neurocognitive decline. To 
this point, according to Patterson and Holahan (2012), no viable treatment for the 
neurometabolic cascade of concussion has been identified. However, the treatment of the 
neuroinflammatory response may be a promising consideration for further research. 
Loss of Consciousness
An unconscious episode is one that involves the loss of consciousness, duration of 
unconsciousness, and the recovery of consciousness (Whinnery & Forster, 2017).  Measurement 
of degree of responsiveness is commonly assessed with use of the Glasgow Coma Scale (GCS). 
The GCS is comprised of three scales that focus on an aspect of responsiveness that include 1) 
verbal response, 2) motor response and 3) eye opening (de Sousa, & Woodward, 2016; 
Kasprowicz, Burzynska, Melcer & Kübler, 2016). Each of the three scales is measured 
independently using a number rating for a maximum total of 15 points. LOC was once 
considered a factor for determination of severity of injury but more recent research does not 
support this premise (Almasi & Wilson, 2012; Hack, Huff, Curley, Naunheim, Ghosh Dastidar, 
& Prichep, 2017). However, the diagnosis of LOC may assist with determination of whether or 
not brain scanning is necessary in terms of the medical management of concussion.  Smits et al. 
(2007), assessed the relationship between LOC and posttraumatic amnesia (PTA) as determining 
factors in the diagnosis of severity or predictive of course of recovery.  PTA was defined as the 
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inability to recall the traumatic injury or events following the injury measured in minutes.  When 
LOC is present in conjunction with PTA, those clinical signs may be indicative of serious injury 
such as a skull fracture. Thus, standard neuroimaging should be considered (Smits et al., 2007). 
Cripps and Livingstone (2017) asserted that for pediatric cases (aged 0-16 years) LOC is an 
indicator of possible intracranial injury with neuroimaging being recommended. Overall, LOC is 
not necessarily correlated with the severity of the injury of severity of neurocognitive 
functioning but is rather an indicator for brain injury diagnosis (Livingston, 2011).
Gender Differences in Neurophysiology of Concussion 
It has been established that females experience a higher rate of concussion and are at risk 
of a longer duration of recovery. It has not been established however, why this is the case.   
Possible factors for these differences include anatomical differences between males and females 
in terms of body size, neck length, and girth; honesty in reporting symptoms, hormonal 
influences and, neuroanatomical differences (Kwon, 2018; Makin, 2018). These factors may 
make females more susceptive to concussive injury and prolong the recovery process. 
Body mass index (BMI) was also a measure that was comparable between players of the 
same gender and opposite genders.  Researchers determined that regardless of BMI, gender 
appeared a factor in symptom complaints and reduced performance on cognitive measures.  
Mansell et al. (2010), stated in terms of anthropometric comparisons, higher statements of signs 
and symptoms of concussion were reported by females with smaller neck girth and longer head-
neck segment length.  Males may also present with smaller neck girth and longer head-neck 
length but frequently have stronger necks and torsos than females that assist in dissipating the 
direct force of injury.  Colvin, Mullen, Lovell, West, Collins and Groh (2009), hypothesized that 
even more important than BMI for determining risk of concussion is gender. 
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Hormonal influences regarding concussive injuries have been researched extensively in 
an effort to determine their role in injury outcomes.  Progesterone and estrogen are present in 
both males and females but at different concentrations (Sollman, Echlin, Schultz, Viher, Lyall, 
Tripodis & Koerte, 2018).  Questions regarding hormonal factors include the relationship of 
estrogen to progesterone and time of injury relating to time of menstrual cycle.  A normal 
menstrual cycle consists of two phases, the follicular phase and the luteal phase with the average 
cycle length being 25-38 days (Harber, 2004). During the follicular phase, follicle stimulating 
hormone (FSH) is released and estrogen levels increase. The luteal phase begins after ovulation; 
during this phase, progesterone levels rise (Harber, 2004). Mihalik, Ondrak, Guskiewicz, 
McMurray, Mihalik, Ondrak and McMurray (2009) and Wunderle, Hoeger, Wasserman, and 
Bazarian (2014) sought to determine if the female menstrual cycle at the time of a concussive 
injury would impact the duration of symptoms. Snook, Henry, Sanfilippo, Zeleznik, and Kontos 
(2017) hypothesized that a concussive injury may result in abnormal menstrual cycles because of 
the disruption in factors that control the cycle. These factors are known as the “heuroendocrine 
hypothalmalamic-pituitary-ovarian axis” (Snook et al., 2017 p. 790). This reduces the 
concentrations of estrogen and progesterone.  Abnormal menstrual patterns and changes in 
hormone levels may be an indicator of symptomology of concussion, in other words, a 
contributor to duration of recovery. It is worth noting, however, that menstrual cycles change in 
female athletes that are not concussed (Harber, 2004). Athletes that engage in rigorous aerobic 
training they may experience amenorrhea, the absence of menstrual cycles. This change occurs 
due to a reduction in estrogen and progesterone levels.  Thus, female athletes who exhibit 
amenorrhea may exhibit a greater number and/or increased severity of symptoms, as well as 
longer duration of recovery.
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Makin (2018) found that there are axonal differences in male and female neuroanatomy
as demonstrated through electron microscopy. Specific findings revealed that female axons are 
thinner when compared to males, which may affect the stability of the white matter structure and 
make the female axons more susceptible to brain trauma. Diffusion weighted magnetic 
resonance imaging (dMRI) is an advanced neuroimaging technique designed to measure the 
molecular diffusion in tissue and provide insight into tissure structure changes. Sollman et al., 
(2018) used dMRI in order to determine differences in male and female hockey players 
following subconcussive events. Specifically, they noted that female players experienced 
reduced white matter diffusion when they experienced repetitive forces to the head below the 
threshold of concussion.  This may result in concussive symptomology including reduced 
cognitive performance. The most affected areas included the superior longitudinal fasciculus, the 
internal capsule, and the corona radiata of the right hemisphere. These are important regions of 
the brain for processing, and language, and cognitive information, and motor, and sensory 
signals in each hemisphere. 
Gender Differences in Concussion and Symptomology  
In general, there has been a rapid rise in sports participation resulting in increased injuries 
and a need for emergency physician involvement for diagnosis, management and counseling 
related to injuries (Almasi et.al., 2012; Raukar et al., 2014). Beyond the physical injury of 
concussion there are concussion symptoms that should be considered such as changes in cognitive 
functioning (attention, memory), behavioral changes (irritability, anxiety) and somatosensory 
complaints (sleep disturbances, headache).  With the potential increase in females participating in 
sporting events, the odds for female athletes sustaining a concussion also increases. If gender is a 
key element in the management of sports related concussive injuries this may have the potential to 
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improve recognition, identification and overall outcomes.  
According to Tsushima, Lum, & Geling (2009) although males are twice as likely to sustain 
a TBI, females have a poorer outcome and higher mortality rate in comparison.  Multiple factors 
contribute to this difference and include severity of injuries, and extent of loss of consciousness 
and amnesia as well as premorbid personality traits and age (Tsushima et al., 2009).  Baker et al.
(2016) asserted that female concussed players required almost two times as long to become 
asymptomatic when compared to their male counterparts. As previously noted, the difference in 
recovery rates may be related to the force of the injury and the smaller size of the female as well 
as biological differences (hormone levels) between the genders.  
Chamard et al. (2013) and Nelson, Guskiewicz, Barr, Hammeke, Randolph, Kwang Woo 
and McCrea (2016a) assessed the long-term neurometabolic and microstructural variances after 
concussion in female athletes by use of magnetic resonance spectroscopy (MRS). This is a test that 
measures biochemical changes in the brain, and DTI scans.  They asserted that on the surface, an
SRC may appear to result in limited or no functional changes; however, there may be sub-clinical 
alterations of the function and the structure of the brain. The brain may still be recovering from 
an injury but the injured individual may not have changes in functioning that are readily apparent.  
The authors determined this phenomenon is greater for females participating in sports.  This may 
ultimately put them at risk for a neurodegenerative disease as well as reduced healthy aging 
(Chamard et al., 2013; Nelson, et al., 2016a).
Colvin et al. (2009) analyzed the difference between male and female soccer athletes in 
terms of the effect of prior concussion on post-concussive testing and post-concussion recovery 
patterns.  Soccer was the sport chosen for analysis due to its equal participants of male versus 
female and identical rules for each gender.  The authors demonstrated that players with at least one 
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prior concussion performed worse on neurocognitive assessments. Females reported more 
symptoms and performed worse on test measures than males.  According to Sandel et al. (2016), 
female athletes may experience more concussive symptoms when compared to male concussed 
athletes regardless of the sport.  When comparing the sports of soccer and lacrosse, not only were 
neurocognitive measures worse in females their symptom reporting was also worse (Sandel et al.,
2016).
Gender differences in symptomology consist of greater reporting of confusion and 
amnestic type complaints for males and the somatosensory symptoms of drowsiness and sensitivity
to noise for females (Covassin, Drutcher & Wallace, 2013; Frommer, Gurka, Cross, Ingersoll, 
Comstock & Saliba, 2011).  Current research separates male symptoms as being primarily 
cognitive and female symptoms as being behavioral and somatosensory related. 
In sum, neuropathology of concussion results in changes in cerebral blood flow, 
neurometabolic changes and white matter changes consistent with DAI.  Complicating factors 
include hormonal differences in females and time of concussive injury in terms of menstrual cycle 
phases. Additional difficulties for clarification of injury severity and projected course of recovery 
include premorbid history of rigorous exercise and menstrual cycle history. These differences may 
contribute to females being at risk for increased symptomology and duration of recovery from 
concussive injuries. 
Overall, the complexities of SRC consists of many factors and nuances making it 
important to be aware of not only the mechanism of injury, the cause and description, but also 
the pathophysiology resulting from the injury.  Changes in cerebral blood flow, axonal injuries, 
gender differences, microstructural damage, and premorbid histories should all be taken into 
account when evaluating concussion. 
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Concussion Management 
Future directions for intervention of concussion should include improved educational 
services for students beginning with communication between the medical community and the 
school as well as education and planning for school personnel (Ennis, Rivara, Mangione-Smith, 
Konodi, Mackenzie & Jaffee, 2013; Glang, Tyler, Pearson, Todis, & Morvant, 2004; Schilling & 
Getch, 2012).  Consistency of the care of mTBI players across all stages of recovery is important 
for the transition back to the academic environment.  The school environment and school 
personnel are responsible for the needs of the student players.  Medical personnel who contribute 
to the identification of the student, education regarding the injury and need for accommodations,
as well as management of both symptom analysis and neurocognitive testing guide this transition 
or reintegration back to the classroom.  Without clear guidelines, students are at risk for 
additional injuries as well as educational, social, and behavioral difficulties.  The transition for 
RTL may need to include several re-entry steps beginning prior to the actual return to the 
classroom and through the end of the first month post-injury, including monitoring of important 
milestones (Schilling & Getch, 2012).  These milestones are times for review of recovery, such 
as determining readiness to transition from grade to grade, before beginning a semester, during a 
midterm-grading period, or when decision making regarding adequacy of services is indicated. 
The recovery from concussion encompasses more than just medical recovery and 
retuning the player to their previous activities.  It may impact the long-term perceived quality of 
health in an injured individual.  Trontel et al. (2013) sought to determine the diagnosis threat 
effect on neuropsychological performance in cases of mTBI. In other words, evaluating whether 
a subject’s cognitive performance would be negatively affected if given the label of TBI in 
comparison to those without the label. The researchers demonstrated that those without a TBI 
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diagnosis appeared better at assessing their own ability to perform cognitive skills in their 
academic environment.  This is important to consider in terms of complaints of persistent post-
concussive symptoms as even with adequate cognitive ability, perceived difficulty that may 
impact academic self-efficacy.  Comprehensive management of mTBI from the sideline, to the 
classroom and reintegrating back to the field of play should be standardized and supported until 
it is determined services of any kind are no longer indicated (Ropper et al., 2007). 
Concussion Testing
Dessy, Rasouli, Gometz and Choudhri (2014) concluded that assessment of concussion 
should be complex or take into account multiple issues such as postural control, neurocognitive 
performance and the identification of concussive symptoms.  Assessment may be completed at 
baseline, which is pre-season, at the sideline of play, and anytime during recovery.  
Common computerized baseline and sideline concussion tools include the Immediate 
Post-Concussion Assessment and Cognitive Testing (ImPACT) (http://www.impacttest.com/.
accessed June 18, 2018), the CogState (https://www.cogstate.com/. Accessed June 18, 2018) and 
the SCAT-3. These computerized assessments lend themselves to improved standardized 
administration and scoring (Allen & Gfeller, 2011; Rahman-Filipiak & Woodard, 2013). Other 
advantages to computerized testing is the ability to test large groups of athletes at the same time, 
have immediate scoring, have the ability to store the test results, and have automatic 
randomization of test forms (Iverson & Schatz, 2015). 
The ImPACT battery consists of neurocognitive tests and demographic information with 
five composite scores including Verbal Memory, Visual Memory, Processing Speed, Reaction 
Time and Impulse Control. The ImPACT test has been used for baseline measures prior to the 
sports season, after injury for tracking recovery, and in the emergency department.  The 
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ImPACT is widely used as a reliable and valid concussion-screening tool for management of 
concussive injuries (Thomas, Collins, Saldino, Frank, Raab & Zuckerbraun, 2011).
Repeated assessment practice effects have been researched in an effort to determine if 
repetition of cognitive test would result in improved test performance (Falleti, Maruff, Collie, & 
Darby, 2006). Because of observed practice effects, researchers determined alternative forms, 
such as those offered with the CogState allowed for standardized repeated assessment of a 
cognitive change.  The CogState focuses on cognitive tasks targeting speed of processing, skills 
of attention, visual learning, working memory, visual motor ability and executive function ability
(Bangirana, Sikorskii, Giordani, Nakasujja, & Boivin, 2015).  It consists of four main cognitive 
tasks characterized as detection (change in a card), identification (color of a card), one back (one 
card prior) and one card learning (recognition of previously presented card) (Louey, Cromer,
Schembri, Darby, Maruff, Makdissi & McCrory, 2014; Nelson, LaRoche, Pfaller, Lerner, 
Hammeke, Randolph & McCrea, 2016b).  Similar to other neurocognitive tests it compares 
baseline to post-injury levels of cognitive functioning.  The CogState also includes a concussion 
symptom questionnaire consisting of self-ratings of perceived symptoms that contributes to the 
diagnosis of concussion and tracking of recovery (Louey et al., 2014).
The original version of the SCAT was developed during a Concussion in Sport Group 
(CISG) conference in 2004 (Davis, Purcell, Schneider, Yeates, Gicoia, Anderson & Kutcher, 
2017).  The SCAT was initially designed as a concussion assessment tool for medical personnel 
and as an educational reference for the public.  The SCAT was revised in 2008 (the Sport 
Concussion Assessment Tool-2; SCAT-2) for the primary purpose of concussion assessment by 
medical personnel. In 2012, the SCAT-3 was developed with an additional SCAT-3 child version 
(Davis et al., 2017).  The SCAT-3 assessment includes a clinical exam, symptom reporting, a 
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postural evaluation, and a cognitive test section.  Each section includes instructions for 
administration and rating scales as well as symptoms of concussion and when to activate medical 
services.  
Several studies have been completed to evaluate the SCAT and its various editions.  
Chin, Nelson, Barr, McCrory, & McCrea (2016) evaluated the psychometric properties of each 
SCAT-3 component as part of the clinical decision-making process.  They sought to determine if 
baseline testing or use of normative data was the most useful for identification of concussion.  
The results demonstrated that both approaches are acceptable. According to Guskiewicz, 
Register-Mihalik, McCrory, McCrea, Johnston, Makdissi and Meeuwisse (2013) the symptom 
questionnaire section was revealed to be the most sensitive to a concussive injury.  Researchers 
also compared the SCAT-3 with the previous edition, the SCAT-2, and determined that each
version allow for independent use of subtests that may be scored independently. Each of the 
subtests evaluates potential problems that may be affected by concussion in differing degrees 
allowing for appropriate referrals for medical follow up, RTP recommendations, and academic 
accommodations. Both the SCAT-2 and SCAT-3 editions are effective concussion screening 
tools (Dessy et al., 2014).  
The most recent sports concussion assessment tool is the SCAT-5 which is a revision of 
the prior SCAT-3 version (Davis et al., 2017).  According to Echemendia, Meeuwisse, McCrory, 
Davis, Putukian, Leddy and Herring (2017), SCAT-5 modifications consist of the inclusion of an 
immediate assessment section for signs of concussion, clarified instructions regarding the 
symptom checklist stating the athlete should be in a resting state during completion, additional 
questions regarding pre- and post-injury behavior of the athlete, and a return to school 
progression list.  Additional modifications include variations in test stimuli to avoid re-test 
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practice such as options for word lists and digits backwards.  The SCAT-5 also includes a
neurological screen measure for rapid assessment of suspected concussion (Echemendia et al., 
2017).
Neurocognitive Testing
Although a sideline neurocognitive screening is conducted immediately after an injury, a 
more extensive neurocognitive assessment, the Woodcock Johnson IV (WJ-IV) (Schrank, 
McGrew, & Mather, 2014a) should be considered.  The WJ-IV is a recent revision of its former 
editions that includes re-norming, additional test batteries, and clusters improved diagnostic 
capabilities (Schrank, McGrew, & Mather, 2014b).  The test includes three batteries consisting 
of the tests of cognitive abilities, tests of achievement and tests of oral language.  The cognitive 
test battery measures different aspects of cognition such as attention, memory, and executive 
functioning and includes standard and extended versions. The achievement test battery measures 
academic abilities to assist with school accommodation recommendations and also includes 
standard and extended versions.  The oral language test battery measures aspects of oral 
language, such as vocabulary knowledge and comprehension of direction following, and 
identifies inconsistencies between oral language and achievement levels.  These three test 
batteries are comprehensive, may be used in combination or individually to evaluate individual 
strengths and weaknesses and may assist with clinical decision-making (Schrank et al., 2014b). 
Oculomotor Testing
The addition of an oculomotor test such as the King-Devick Test (K-D) 
(http://kingdevicktest.com/for-concussions/. accessed June 18, 2018), should be considered as a 
way to expand the comprehensiveness of sideline concussion testing.  The K-D test measures 
oculomotor movements, which have been identified as an objective measure of the presence of 
  28
 
suboptimum brain functioning.  According to Ventura, Balcer, Galetta, & Rucker (2016) and 
Echemendia et al. (2017) the assessment of eye movement such as saccades, fixation, smooth 
pursuits and vergence provides information regarding visual pathways that are vulnerable to 
concussion. There are several advantages of saccadic eye movement testing which include the 
ease of testing, ease of recording results and clearly understood neural substrates (Phillipou et al., 
2014). The dorsolateral prefrontal cortex and anterior cingulate cortex are involved in these 
types of eye movements and have also been identified as contributing to the role of executive 
functioning. Specific areas of executive function include behavioral control and suppression of
responses, attention, decision-making and self-monitoring of error recognition (Phillipou et al.,
2014).  Schulte and Müller-Oehring (2010) also assert the integration of visuomotor and 
cognitive processes, focusing on the corpus callosum and its contribution to this interhemispheric 
process.  Thus even in the face of a mild injury, subtle changes in the processing of sensory, 
cognitive, and motor abilities may be present. 
Academic Impact
According to DeMatteo, Stazyk, Giglia, Mahoney, Singh, Hollenberg and Randall (2015)
the main occupation of children is to be a student and to participate in and take part in school 
academically.  School experiences are necessary for laying the groundwork for a child’s future 
endeavors.  It assists with the development of social skills as well as learning. Injuries from a 
TBI interfere with school attendance and performance, especially when recovery extends beyond 
an acute stage.  It is recommended that athletes with possible concussion or concussive 
symptoms be identified so that academic assistance can be provided if services are needed 
(Gfroerer, Wade, & Wu, 2008; Glang, Todis, Thomas, Hood, Bedell and Cockrell, 2008). Even 
without clear evidence of concussion incidences, educators should be focused primarily on 
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whether the injury has resulted in deficits impairing a child’s ability to learn and develop (Hux et 
al., 2013).  Wasserman et al. (2016) reported that academic dysfunction is a risk of academic 
challenges is higher if the player has experienced prior concussions. 
In the pediatric population, the effects of concussion may not be apparent until academic 
skills begin to worsen and may be characterized by problems with behavior and cognitive 
functioning (Garcia-Rodriguez & Thomas, 2014).   In addition to behavior problems and
difficulty with cognitive functioning, students have reported complaints of somatosensory 
symptoms including headache, photosensitivity, blurred vision, balance problems and nausea.  
There may be long term consequences of concussion that are not recognized by school personnel 
but have detrimental effects on academic performance and behavior (Hux et al., 2013).
Academic accommodations are not uncommon and have been recommended for many 
years for students with health and/or academic needs.  Accommodations or adaptations may be 
temporary or permanent but all should be individualized with the purpose of providing support to 
students.  Support should reduce barriers and increase support that allows for improved school 
performance (Lyons, Moore, Guiney, Ayyagari, Thompson, Rivara & Vavilala, 2017). Returning 
to the classroom after concussion should be addressed as a monitored process. This process 
begins after a period of cognitive rest, and then proceeds with a gradual increase in cognitive 
tasks (Baker, Rieger, McAvoy, Leddy, Master, Lana & Willer, 2014; Irvine, Babul & Goldman, 
2017). Researchers recommend cognitive tasks remain sub-threshold for symptoms.  That is, 
while increasing the cognitive and environmental demands of a classroom, cognitive activities 
should not rise to the level of symptom complaints.  Examples of accommodations include 
reduced workload, shortened class day, longer time for taking tests, and communication with 
school personnel and family members (Baker et al., 2014).  (see Appendix F).  Figure 1 
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illustrates a gradual increase in academic demands. It begins with preparation for returning to 
the classroom to full academic status with each step requiring monitoring. The rate of 
advancement through each stage depends on the student’s rate of recovery.  Accommodation 
recommendations vary and are based on student needs.  The goal of RTL is for the student to 
return to and maintain their prior level of academic performance.  
Baker et al. (2014) recommends communication between all members of the team of 
professionals working with the concussed student.   Crawford and Sirmon-Taylor (2014), agree 
with this and make the point of including the speech language pathologist (SLP) as part of the 
multidisciplinary team assisting with cognitive communicative issues and recommendations. 
31
Figure 1: Return to learn figure providing step-by-step reintegration to school monitoring. Step 1 
through step 6 requires monitoring of the player’s tolerance to increased academic demands.
The Role of Speech Language Pathology in Concussion Evaluation and Management
SLP’s have been providing services to individuals with TBI for many years. Because of 
the history of TBI services, it is important to understand how the SLP might function in terms of 
concussion management.  The role of the SLP is an important component in concussion 
management as part of a multidisciplinary team (Crawford & Sirmon-Taylor 2014).  The authors 
reviewed the role of SLP throughout the continuum of care, from acute care stage through 
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outpatient rehabilitation.  They determined that the initial therapeutic need is limited based on 
recommendations for brain rest and the use of screening tools; however, the therapeutic need 
expands during the recovery process. Given the SLP’s availability in educational settings as well 
as medical settings, they are poised to have an important role in the management of concussion 
across multiple environments (Knollman, Constantinidou & Hutchinson, 2014; Salvatore, 2014).
The SLP has expertise in assessment, diagnosing, and management of cognitive disorders related 
to mTBI, e.g., memory problems, reduced attention skills, and executive dysfunction (Riedeman 
& Turkstra, 2018). They are also assist with recommendations for accommodations and 
adaptations in the classroom (Dachtyl & Morales, 2017; Duff & Struck, 2015), as well as an 
important voice for determination of return to play readiness. 
Return to Play 
The two main issues necessitating the need for further research include the risk of 
repeated injury and overuse which complicate the decision-making process regarding RTP
(Echemendia et al., 2015; Giza & Hovda, 2001). Premature RTP and premature RTL as defined 
by Carson et al. (2014), is the recurrence or worsening of symptoms experienced by players 
participating in sport activities and/or the classroom environment without allowing sufficient 
time for recovery and symptom resolution. In other words, returning the player to physical and 
mental exertion tasks that are beyond their tolerance level, which may result in increased 
symptomology. The question remains as to whether there is a system for monitoring a concussed 
players tolerance for increased exertion by use of symptom reporting. Carson et al. (2014) 
sought to determine the proportion of the concussed athlete population that experiences an 
exacerbation of symptoms as a result of premature RTP and RTL. The authors demonstrated that 
43.5% of students RTP too soon and 44.7% of students RTL too quickly. This puts the player at 
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risk of prolonged recovery by not allowing for symptom resolution.  Sprouse, Harris, Sprouse, 
Humerick, & Miller (2016) recommend a standardized protocol for determination of RTP. This 
process includes the removal of the player from play immediately after a concussive injury has 
occurred in order to complete a sideline assessment. Guidelines should also stipulate not 
returning the player to the game in which the player sustained an injury and with RTP following 
a step-by-step plan (Darling et al., 2015). Along with assessment tasks, a step-wise plan is 
provided with the SCAT-3 and SCAT-5 tools (see Appendices C & D).  
The risk of returning a player to the field before complete recovery has occurred is more 
than just prolonging the duration of recovery, but actually may reinjure the brain or extend the 
physical injury.  Those risks are second impact syndrome (SIS) and chronic traumatic 
encephalopathy (CTE).  With the condition of SIS, the brain is thought to lose its ability to auto-
regulate back to its baseline levels of cerebral blood flow, metabolic levels and intracranial 
pressures. This condition may result in cerebral edema and cell death (Bey & Ostick, 2009). 
CTE as a neurodegenerative disease that is associated with head trauma (Guay et al., 2016;
Maroon, Winkelman, Bost, Amos, Mathyssek & Meile, 2015; Shively, Egerton, Iacono, Purohit, 
Qu, Haroutian & Perl, 2017). This condition is relatively difficult to diagnose without autopsy 
and is characterized by the presence of abnormal tau in neurons of the brain. The abnormal 
accumulation of tau is historically related to conditions such as Alzheimer’s disease (Ling, Neals 
& Revesz, 2017). Exposure of the brain to contact during an injury or recovery state, may have 
long term repercussions for the injured player. 
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Conclusion 
The results of this study will be used to answer the following questions:
1) Are there differences in the types of sport concussion symptoms between males and 
females?
2) Are there differences in the severity of sport concussion symptoms between males and 
females?
3) Are there differences in the duration of sport concussion symptoms between males and 
female?                                   
Based on these questions, the following hypotheses were generated:
1) Females will have complaints of cognitive, behavioral and somatosensory symptoms. 
Males will have complaints of cognitive and somatosensory symptoms.
2) Females with report a higher level of symptom severity when compared to males.
3) Females will report a longer duration of symptom complaints when compared to males. 
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Chapter III
METHODOLOGY
The primary goal of this study was to answer questions regarding gender differences in 
concussive injuries of high school soccer athletes.  These differences included the type of 
symptoms and the severity of each symptom reported by the athlete. The instrument used for the 
study were the SCAT-3 and SCAT-5 with data being collected at baseline and on the field of 
play or in the Athletic Training Room (ATR) after a concussive event. 
Research Design
The research methodology was a retrospective cohort design.  Data were collected from 
the 2015, 2016 and 2017 soccer seasons from northern Indiana’s South Bend school corporation, 
Union North school corporation, and Edwardsburg, Michigan school corporation. The 
independent variable was gender.  The dependent variables included the type and severity of 
symptoms reported. 
Procedure
Data collection focused on symptoms reported by the concussed soccer player that 
included the player’s perception of symptom severity and symptom type rating.  Symptoms were 
grouped into three main categories: cognitive, behavioral, and somatosensory.  Data were 
recorded via an electronic record, SportsWareOnLine (SWOL) (https://www.swol123.net/) by 
each school’s athletic trainers (AT): two ATs were present at the practices and games. The AT’s 
collecting of and recording of data was based on training and an ongoing oversight of the South 
Bend, Indiana sport medicine clinic; the clinic was part of Beacon Medical Group. The AT’s 
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were certified and had met the standards of the medical clinic. They also followed Indiana’s 
Athletic High School Association (IHSSA) (www.ihsaa.org) guidelines. (see Appendix E). 
Selection of Participants
This study was approved by the Beacon Health System Institutional Review Board prior to 
recruitment of participants (see Appendices A and B). Participants for this study included 23 
male and 15 female high school student players from the school corporations noted previously.
The participants’ ages ranged from 14 to 18 years and were comprised of diverse ethnic groups.  
All participants were soccer players at the varsity and junior varsity levels.  The inclusion criteria 
consisted of all concussive injuries being associated with soccer, either during competitive play 
or during practice.  A self-reported history of no more than two prior concussions and no history 
of mental health problems or special education services were also required for inclusion in this 
study.  If there were greater than three prior concussions or a history of mental health problems 
or special education services, the participant(s) was excluded from the study.  Additional 
exclusion criteria included a history of brain injuries associated with an event other than soccer, 
e.g., motor vehicle accidents, falls, or other sports.  Players with suspected concussive injuries in 
which he/she was removed from the game or from practice for monitoring but not being 
diagnosed with concussion were excluded.
Instrumentation
The instrument utilized was the SCAT-3 (see Appendix C) and SCAT-5 (see Appendix D).  
All sections of the instrument were administered at baseline, prior to the beginning of the soccer 
season, immediately after a concussive injury and at daily intervals, Monday through Friday, 
after injury.  There was variation among the different school corporations to the number and 
interval with which the protocols were administered; therefore, day one symptom reporting 
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(immediately post-concussion), as well as variable intervals of post-concussion symptoms were
collected for this study. 
The SCAT-3 and SCAT-5 include a symptom questionnaire, a cognitive assessment, a 
balance assessment and a coordination assessment.  The symptom questionnaire is a Likert-type 
scale requiring athletes to measure their perception of the severity of each symptom they are 
experiencing.  Severity is rated on a six-point number scale, with “0” meaning no symptoms 
being rated, “1-2” indicates mild severity, “3-4: indicates moderate severity, and a “5-6” refers to 
a severe rating (Baker et al., 2016).  All self-reported symptoms as well as balance and 
coordination evaluations were administered by AT’s in the ATR.  The AT’s were trained in the 
administration of the SCAT-3 and SCAT-5.
Data Collection
The data were collected in the ATR or equivalent if the players were at an away game.  
The AT’s administered the SCAT-3 version of the sport concussion assessment tool if the athlete 
had been tested with that edition previously; otherwise, the SCAT-5 was administered.  The 
concussed player used an iPad for rating their symptoms with monitoring by the AT.  Per the 
SCAT-5 symptom evaluation, this is noted as self-rated with clinician monitored.  This process 
was followed for all data collection periods; daily evaluations with the AT until cleared by a 
physician for RTP are required after a player has been diagnosed with a concussion.  The AT’s 
transcribed the results on a data collection form (see Appendix G). 
In order to determine differences in symptomatic reporting between males and females, a 
Kruskal Wallis H test was completed. The data for males and females were analyzed 
individually using a Spearman’s rho correlation to examine trends in the symptoms reported by 
each gender. 
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Chapter IV 
RESULTS
The purpose of this study was to describe gender differences in concussion symptoms of 
high school soccer players.  In order to compare the type, severity, days until asymptomatic and 
number of concussion symptoms, the results of a self-rated concussion questionnaire were 
utilized.  Concussion data were collected by AT’s from three school corporations in northern 
Indiana and southern Michigan.  Concussion symptoms include 22 signs and behaviors that were 
categorized according to cognitive, behavioral, and somatosensory types, as shown in Table 1. 
Demographics
Participant demographics are reported in Table 3 and includes the total number of 
participants for each gender.  The ages for all participants ranged from 14 to 18 years. 
Table 3: Subject totals by gender
Subjects Total n=38 %
Male 23 60.52
Female 15 39.48
As shown in Table 4, the majority of concussive injuries occurred during a game.  
Because of the self-reporting nature of symptoms and prior concussions, the full concussive 
history for each participant is not known. Only 23% of the participants reported a history of 
prior concussion(s) (see Table 5). For those that reported prior concussive injuries, no specific 
information regarding circumstances, severity of injury, symptom types, duration or recovery, or 
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time since onset were available. 
Table 4: Comparison of concussion injury suffered during a game, practice or unknown/not 
stated.
Concussion Sustained Male n=23      Female n=15
Game 12 8
Practice 2 3
Unknown/Not stated 9 4
Table 5. History of concussion reported by male and female players.
Concussion History Male n=23      Female n=15
Prior Concussion 5 2
No History of Concussion 7 4
Unknown/Not reported 11 9
Symptom Comparisons Day 1
For all symptom categories, cognitive, behavioral, and somatosensory, females generally 
reported increased severity in comparison to males on day one of sustaining a concussive injury 
(see Table 6).  Comparison of cognitive symptoms are shown in Figure 2; the results of the 
Kruskal-Wallis H test revealed no significant difference in severity ratings between males and 
females (see Appendix H).   With regard to behavioral symptoms, females reported significantly 
higher ratings for “being more emotional” compared to males (H(1) = .009, p < .01) (see Figure 
3).  Within the somatosensory category, severity ratings of “don’t feel right” (H(1) = .071, p <
.05), neck pain (H(1) = .012, p < .05), and dizziness (H(1) = .051, p < .05) were significantly 
higher for females than males.  These data are depicted in Figure 4.      
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Table 6: Frequency of reported symptom averaged and compared by gender.
Symptoms n=22                             Males n=23                Females n=15
Headache 17 (74%) 11 (73%)
Pressure in head 13 (56.52%) 7 (46.47%)
Neck pain 1 (.04%) 6 (40%)
Nausea or vomiting 3 (13.04%) 6 (40%)
Dizziness 8 (34.78%) 10 (66.67%)
Blurred vision 6 (26.08%) 6 (40%)
Balance problems 7 (30.34%) 6 (40%)
Sensitivity to light 11 (47.82%) 7 (46.67%)
Sensitivity to noise 8 (34.78%) 8 (53.33%)
Feeling slowed down 10 (43.47%) 6 (40%)
Feeling like in a fog 6 (26.08%) 8 (53.33%)
Don't feel right 9 (39.19%) 9 (60%)
Difficulty concentrating 7 (30.34%) 6 (40%)
Difficulty remembering 8 (34.78%) 5 (33.33%)
Fatigue or low energy 8 (34.78%) 8 (53.33%)
Confusion 4 (17.39%) 5 (33.33%)
Drowsiness 6 (26.08%) 8 (53.33%)
More emotional 0 (0%) 5 (33.33%)
Irritability 5 (21.73%) 4 (26.66%)
Sadness 1 (.04%) 3 (20%)
Nervous or anxious 3 (13.04%) 4 (26.66%)
Trouble falling asleep 1 (.04%) 2 (13.33%)
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Figure 2: Gender comparison of cognitive symptoms 
Figure 3: Gender comparison of behavioral symptoms
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The behavioral symptoms of more emotional and irritability reflected the majority of 
ratings for female players. Consistent with the previous categories of symptoms (cognitive and 
behavioral) females reported higher levels of severity for all symptoms. 
Figure 4: Gender comparison of somatosensory symptoms 
As shown in Table 5, the most frequently reported symptom for both males (73.9%) and 
females (73%) was headache. The pressure in head was the next most frequently reported 
symptom for male players (56.52%), while dizziness (67.7%) and “don’t feel right” were the 
second and third most common symptoms among females.  The remaining symptoms were 
reported by half or less than half of the players.  Individual female players also reported a greater 
number of symptoms than male players.  
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Correlation of Male Symptomology
The relationship between symptoms was analyzed by gender using a Spearman’s rho (rs)
correlation procedure for each gender. Male cognitive symptom correlations revealed five 
symptoms that correlated significantly with difficulty concentrating; these included “feeling 
slowed down” (rs = .572, p < .01), feeling like “in a fog” (rs = .518, p < .05), don’t feel right (rs =
.862, p < .01), difficulty remembering (rs = .849, p < .01) and confusion (rs = .784 p < .01). The 
symptom of feeling slowed down was correlated significantly with three other cognitive 
symptoms, feeling like “in a fog” (rs = .638, p < .01,) don’t feel right (rs = .594, p < .01), and 
difficulty concentrating (rs = .572, p < .01).
Male behavioral symptoms correlations revealed that no male players reported the 
symptom of being more emotional. The behavioral symptom that correlated significantly with 
the symptom of sadness was nervous or anxious (rs = .725, p < .01). 
Several male somatosensory symptoms showed significant correlations were identified 
with the symptom of headache for nine other somatosensory symptoms; these symptoms 
included pressure in head (rs = .655, p < .01), nausea or vomiting (rs = .487 p < .05), dizziness (rs
= .472, p < .05). Sensitivity to light (rs = .489, p < .05), sensitivity to noise (rs = .699, p < .01), 
don’t feel right (rs = .647, p < .01), fatigue or low energy (rs = .505, p < .05), and irritability 
(rs = .443, p < .05).  Balance problems were significantly correlated with six other symptoms 
including pressure in head (rs = .751, p < .01), dizziness (rs = .853, p < .01), blurred vision (rs =.
512, p < .05), sensitivity to light (rs = .696, p < .01), don’t feel right (rs = .600, p < .01), fatigue 
or low energy (rs = .478, p < .05), and drowsiness (rs = .658, p < .01). The symptom of light 
sensitivity was significantly correlated to nine other somatosensory symptoms including 
headache (rs = .489, p < .05), pressure in head (rs = .484, p < .05), dizziness (rs = .659, p < .01), 
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blurred vision (rs = .555, p < .01), balance problems (rs = .696, p < .01), don’t feel right (rs =
.667, p < .01), fatigue or low energy (rs = .751, p < .01), drowsiness (rs = .829, p < .01) and 
irritability (rs = .691, p < .01).  
Correlation of Female Symptomology
Spearman’s rho (rs) ranking for female cognitive symptoms revealed the symptom of 
difficulty concentrating correlates significantly with four other cognitive symptoms including: 
feeling slowed down (rs = .841, p < .01), feeling like “in a fog” (rs = .527, p < .05), difficulty 
remembering (rs = .687, p <. 01) and confusion (rs = .764, p < .01). The symptom of feeling 
slowed down correlated significantly to four other cognitive symptoms including feeling like “in 
a fog” (rs = .574, p < .01), difficulty concentrating (rs = .841, p < .01), difficulty remembering (rs
= .563, p < .01), and confusion (rs = .809, p < .01).
The correlation of female behavioral symptoms is showed the symptom of sadness was 
correlated significantly to two other behavioral symptoms, including being more emotional (rs =
.788, p < .01), irritability (rs = .758, p < .01), and nervous or anxious (rs = .687, p < .01).
The correlations of female somatosensory symptoms revealed four somatosensory 
symptoms were correlated significantly to the symptom of headache; these included, pressure in 
head (rs = .589, p < .01), dizziness (rs = .500, p < .05), blurred vision (rs = .464, p < .05), and 
sensitivity to light (rs = .480, p < .05).  Dizziness correlated significantly with nine other 
symptoms including headache (rs = .500, p < .05), pressure in head (rs = .711, p < .01), blurred 
vision (rs = .489, p < .05), balance (rs = .633, p < .01), sensitivity to light (rs = .668, p < .01), 
sensitivity to noise (rs = .453, p < .05), don’t feel right (rs = .720, p < .01), fatigue or low energy 
(rs = .795, p < .01), and drowsiness (rs = .744, p < .01).  Sensitivity to light correlated 
significantly to the other somatosensory symptoms of headache (rs = .480, p < .05), pressure in 
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head (rs = .810, p < .01), dizziness (rs = .668, p < .01), blurred vision (rs = .444, p < .05), 
balance problems (rs = .776, p < .01), don’t feel right (rs = .692, p < .01), fatigue or low energy 
(rs = .878, p <. 01), confusion (rs = .567, p < .01), and drowsiness (rs = .773, p < .01).
The results of the Kruskal Wallis H test revealed significant differences in specific 
symptoms of all three category types.  Females reported the cognitive symptom of “don’t feel 
right” (H(1) = .071, p < .05) and the behavioral symptoms of “being more emotional” (H(1) =
.009, p < .01) more frequently than males.  Females were also more likely to report the 
somatosensory symptoms of neck pain (H(1) = .012, p < .05) and dizziness (H(1) = .051, p <
.05).   Complete Kruskal Wallis H results are provided in Appendix I-J. 
Duration of Symptoms
For both male and female concussed players, symptom ratings were collected in order to 
track recovery for RTL and RTP. For males, symptoms were reported for 18 days and for 
females, 34 days. According to the policy for tracking and recording symptoms (see Appendix 
E), these should have been daily recordings. It is not known why this was not the case. 
Male Symptom Duration
Male symptoms were recorded for 18 days. The tracking of symptoms appeared less 
standardized; symptoms were recorded for various participants for the first nine days post-
concussion, with days 1-9 being reported, as well as day 18. Not all male players were recorded 
each day; number of symptoms, days recorded, percentages, and averages severity rating scale 
numbers are shown in Table 7.  For all male concussed players, they were recorded as being 
asymptomatic by day 18. 
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Table 7. Male duration and severity of symptom recording, days recorded and percentages
Day of symptom 
recording for males
Number of players 
rating symptoms
Percentage 
recorded
Severity rating average
Day 1 23 100% 0.58
Day 2 6 26.08% 0.61
Day 3 6 26.08% 0.36
Day 4 2 11.50% 0.75
Day 5 1 0.04% 0.91
Day 6 3 13.04% 0.38
Day 7 2 11.50% 0.30
Day 8 1 0.04% 0.45
Day 9 1 0.04% 0.18
Day 18 1 0.04% 0.00
For all symptoms recorded, after day one there was inconsistency with number of players 
being recorded and frequency of recording. Cognitive and somatosensory symptoms persisted for 
a longer duration of time when compared to behavioral symptoms. Although all symptoms 
(cognitive, behavioral, and somatosensory) were resolved by day 18, it is not known if some of 
the symptoms were resolved before 18 days as there were 11 days between the two final days of 
recording.
Female Symptom Duration
As stated previously with the male players, female players were not tracked consistently 
for the duration of their concussion recoveries.  It is also important to note that although the 
female players were recorded for 32 days post-concussion, not all players were asymptomatic. 
At no point during reporting of somatosensory symptoms did female players report being 
asymptomatic. That is, somatosensory symptoms were consistently being reported. The female 
player that was tracked until day 32 reported somatosensory data for days 1, 5, 30, 31 and day 32 
only. It is not known why this information was not available. Table 8 shows number of 
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symptoms, days recorded, percentages, and averages severity rating scale numbers. 
Table 8. Female duration and severity of symptom recording, days recorded and percentages
Days of female 
symptom recording
Number of players 
rating symptoms
Percentages
recorded
Severity rating
average
Day1 15 100% 1.31
Day 2 7 46.47% 0.75
Day 3 4 26.66% 0.44
Day 4 2 13.33% 1.39
Day 5 4 26.66% 1.26
Day 6 1 0.06% 0.05
Day 7 1 0.06% 0.18
Day 8 2 13.33% 0.27
Day 9 2 13.33% 0.09
Day 10 3 0.20% 0.02
Day 11 1 0.06% 0.00
Day 12 2 13.33% 0.02
Day 14 1 0.06% 0.00
Day 22 1 0.06% 0.77
Day 25 1 0.06% 0.00
Day 30 1 0.06% 4.41
Day 31 1 0.06% 3.45
Day 32 1 0.06% 3.18
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Chapter V
DISCUSSION
Current Research
Many studies have sought to address the issue of gender differences in concussive 
injuries and symptomology with the expectation of clarifying identification and management of 
these differences. Comparisons of sport-related concussive injuries are not always possible due 
to lack availability of female players in high contact sports such as football.  Because the 
mechanism of injury is different among different sports such as rotational forces and velocity of 
impact as well as different protective equipment per sport, comparisons and generalizations are 
difficult (Covassin et al., 2013). By choosing the sport of soccer, comparisons of gender 
differences in concussion symptoms were possible. Covassin et al. (2013) and Colvin et al.
(2009) compared gender differences in soccer-related concussions, including concussive 
histories and neurocognitive performances. The researchers were able to demonstrate increased 
symptom reporting by females related to number, and severity as well as a longer duration of 
recovery. There were inconsistencies in the type of symptoms reported by each gender.
According to Preiss-Farzanegan, Chapman, Wong, Wu, and Bazarian (2009) differences in 
concussive injuries between genders does not appear to be related to age, concussion history, 
type of symptom reporting, LOC, or type of sport.  Additional research to determine why 
females are at a higher risk of PCS needs to be pursued in an effort to improve treatment and 
outcomes. 
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The findings of this study are significant in that they describe gender differences in 
concussion symptoms in high school soccer players as reported via a self-rated symptom 
questionnaire.  The two populations are not the same in terms of perceived concussive injuries.  
Differences include number of symptoms, types of symptoms and level of severity of symptoms 
with female reporting a greater number and increased severity for each symptom type in 
comparison to males.
Player Understanding of Concussion
The understanding of concussion and subsequent concussive symptoms is important for 
players as they may be putting themselves at risk for additional injury otherwise.  Lack of 
understanding of concussions and its sequela may lead to players not recognizing concussive 
symptoms or even reporting symptoms, subsequently putting themselves at risk by continuing to 
play while they are symptomatic (Register-Mihalik, Guskiewicz, Valovich, Linnan, Mueller & 
Marshall, 2013).  Ideally this would increase their reporting and compliance with academic and 
sporting recommendations. Education of concussive injuries and symptomology to players as 
well as coaches and school personnel will increase awareness, identification of concussion and 
compliance of recommendations for improved outcomes. 
Comorbid Conditions
Comorbid conditions should be included when assessing the concussed adolescent 
(Albanese, Boffa, Macatee, & Schmidt, 2017; Grady, 2010; Stewman, Liebman, Fink & 
Sandello, 2018).  These symptoms may be caused by the concussion or event but not necessarily 
the brain injury itself.  Comorbid conditions are described as attention deficit hyperactivity 
disorder (ADHD), migraine headaches, sleep disturbances, mood disorders including but not 
limited to anxiety and depression.  According to Silver (2012) and Sprouse et al. (2016) 
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comorbid conditions may influence symptom reporting.  The symptoms may be caused by the 
concussion or event but not necessarily the brain injury itself. These researches demonstrated 
the influencing role of psychological factors, specifically anxiety which indirectly impacted 
concussive symptom reporting.  Stewman et al. (2018) asserted that ADHD, if present, has 
symptomology that is also associated with symptoms of concussion.  The approach to diagnosis 
and management of concussion may benefit from awareness of ADHD as this may affect 
decision-making regarding RTP and RTL.
Debate and study of the obsessive and compulsive personality traits in the athletic 
population is not new to researchers (Hauck & Blumenthal, 1992).  While it is well accepted 
that exercise improves psychological health, more information is needed to understand the 
negative implications of exercise, that is the addiction to it (Lichtenstein, Nielsen, Gudex, Hinze, 
& Jørgensen, 2018; Landolfi, 2013).   That is, the continuing to participate in exercise even in 
the presence of injury as well as other aspects in life e.g. family issues, time constraints or work 
demands.  Researchers have considered the need for control in this area of the athlete’s life 
(exercise) while other areas are out of their control (Landolfi, 2013).  According to Lichtenstein 
et al. (2018) and Weinstein, Maayan, and Weinstein (2015), exercise addition that is, compulsive 
exercise is related to emotions such as depression and anxiety. Compulsive exercise is 
differentiated from a “normal” level of exercise in that it goes beyond recreation or health 
purposes.  Researchers state that for some, exercise helps to alleviate anxiety, for others exercise 
may not be effective for this to occur (Rex and Metzler, 2016; Weinstein et al., 2015).  This 
raises a concern that those experiencing higher levels of anxiety may be more prone to injuries 
(Rex and Metzler, 2016). 
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An athlete’s mental health should be considered when managing concussive injuries as 
this may be a factor in symptom recognition, reporting as well as compliance with 
recommendations towards RTP and RTL.  
Influence of Method on Symptom Reporting
Symptoms that are reported after a concussive injury may be varied based on the method 
implemented for gathering that information: thus care should be taken to ensure a consistent 
method of collecting symptom information (Cripps & Bohman 2015; Krol, Mrazik, Naidu, 
Brooks & Iverson, 2011).  If a pre-injury assessment is completed with a written survey or a 
face-to-face interview, the post injury assessment information should be collected the same way. 
The authors further assert that method of reporting should be considered in information 
gathering.  Cripps and Bohman (2015) concluded that electronically based symptom reporting 
results in a higher number of symptoms in comparison to verbal and paper-based self-rating 
scales. Villemire et al. (2011) expanded this topic comparing self-reported symptoms versus 
those that were reported in an interview format. That is the spontaneous reporting versus 
suggested reporting of concussive symptoms.  Consistently subjects reported more symptoms 
during the interview (suggested) format although their reported symptoms were not the same for 
each method type. This is important to note as it supports the concept of a self-rated symptom 
checklist.  By allowing a player to rate symptoms consistent with concussion, they are able to 
determine the presence and level of severity they may be experiencing after injury.  
Gender Differences in Reporting
Although little is known regarding the consistency of concussion symptom or concussion 
history reporting in the high school population, researchers have determined that self-reporting is 
relatively reliable between males and females in this population (Wojtowicz, Iverson, Silverberg, 
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Mannix, Zafonte, Maxwell & Berkner, 2017).  Sandel et al. (2016) cautioned against using male-
based research outcomes for female concussed adolescents asserting that regardless of the sport 
played, males reported fewer concussive symptoms when compared to females. This was also 
the case with this study.  Females reported more symptoms than males at a higher level of 
severity for a longer duration of time.  
Other considerations, according to Léveillé, Guay, Blais, Scherzer and De Beaumont
(2017) and Williams and Wood (2010) relate to emotional recognition of the behavioral
symptoms of concussion when males are reporting symptoms.  For both concussed and non-
concussed subjects, Léveillé et al. (2017) asserted better emotional recognition in females as 
opposed to males. This was found to be the case with this study as well. Males reported fewer 
behavioral symptoms than females, reporting no symptoms of more emotional and only .04% 
reported sadness. 
The question regarding the differences in symptom reporting between males and female 
after concussion remains.  The neurophysiology between genders may play a role in these 
differences as hormonal responses to trauma are varied.  Other issues that may explain the 
differences relate to physical size and strength of the players.  Even with subconcussive forces, 
females may perceive more symptoms of concussion based on size and speed of head 
acceleration.  It should be noted that the psychological backgrounds of the players in this study 
were unknown.  Because of that, it is not clear as to whether anxiety, depression or obsessive 
compulsive behaviors played a role in reporting or at minimum, discernment of prior issues 
compared to acute change.  
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Limitations
By limiting the study to high school soccer players, the external validity does not  
allow for generalization to other players with sport related concussions.  Another 
limitation to the study is the small sample size, which also limits generalization.  The 
ATs in this study all held Master’s degrees in kinesiology and psychology and were working in a 
sports medicine clinic at the time of this study.  Therefore, their knowledge of concussion and 
compliance with sport medicine and school corporation protocols may not be generalized to 
smaller athletic programs.  The compliance of the players following through with 
recommendations after their injuries and their motivation for underreporting 
symptoms due to unawareness or personal pressures not to report. 
The study utilized self-reported data in a retrospective format.  This design limited 
control of additional questions and clarification of concussion history.  It is not clear whether the 
concussed players were involved in other sporting activities or if they had academic 
accommodations post-concussion.  The inconsistency of data collection was also an issue with 
this study. Given that the data were collected from different school corporations, there were 
inconsistencies in terms of frequency of data collection for both male and female players as well 
as the duration of symptom recording.  The reason for these differences is not known, this was 
true for both males and females. 
Another limitation is the small sample group.  Even though the data were collected from 
three school corporations for a total of six high schools, the total number of concussed players 
for three soccer seasons was 38.  Because of the small number of athletes as well as focusing 
only on high school soccer players, results cannot be generalized to concussions sustained during 
other sports or by athletes of different age ranges. The results of the study do support the need 
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for additional research on this topic as the questions still remain as to whether or not there are 
differences in symptoms and if this pattern may lead to gender specific concussion protocols.
Delimitations
The delimitations in this study were selected in order to gain an understanding of 
concussive sport-related injury differences between males and female soccer players in order to 
improve standardized protocols.  The study focuses on high school aged soccer players in a 
northern Indiana school, limiting generalization to private school players, players in other 
locations in the state, and other sports or concussive etiologies.  The school corporation was 
selected based on convenience, the AT’s history of compliance with school protocols and the use 
of a reliable and valid sport concussion-screening tool. 
Unexpected Results
It is unclear as to why the symptom of trouble falling asleep was included during the 
initial symptom rating.  Question as to whether these were players that had experienced prior 
concussions and may have residual unresolved symptoms of a sleep disturbance related to that.  
It is also not clear if whether these players were reporting a symptom related to comorbid issues 
not related to the concussive injury. 
Two other issues need to be considered as well, the involvement of the ATs and sports 
medicine physicians and the nacebo effect.  As noted previously, AT oversight for the players
with their advanced education and involvement of sports medicine physicians may have 
influenced the reporting by the players.  That is, the concussed players may have reported more 
accurately their injuries based on their own knowledge and athletic support.  The players may 
have over-reported their symptom ranking because of the interest, discussion, and daily follow-
up by the AT’s and sports medicine physicians. 
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The nacebo effect is the occurrence of adverse reactions that appear to result from a 
benign stimulus.  According to Silver (2015), the injured player may be expecting to have 
problems. This assumption, the nocebo effect results in increased perception of severity, which 
results in symptom amplification or possibly the reporting of symptoms not caused by the 
concussive injury. 
Future Directions 
Concussive injuries are a part of daily life whether the injury results from car accidents, 
falls or sporting event participation.  Clarifying terminology, management protocols, RTL and 
RTP procedures continue to require additional research.  Based on this study, ongoing research
should focus on sex differences in concussions in terms of type and severity of symptoms, 
duration of recovery, and standardization of program management. 
Other areas of study should include follow-up evaluations to monitor long-term recovery 
and health-related quality of life.  This may be most important for adolescents as they continue to 
develop through school, social relationships, and vocational pursuits. 
In addition, improvement of athletic training, management of contact during practice in 
terms of reducing frequency, focus on sub-concussive events and ongoing research into 
protective equipment and adherence to player restrictions after being removed from play is 
recommended. 
As the population increases their activities and participation in sports, researchers will 
continue to study injuries, protective equipment and protocols for the best prevention and 
management of concussions.  In recent years, advances have been made in the identification of 
concussions and development of protocols for returning to the classroom and returning to the 
field of play. There are concerns regarding long term repercussions of concussion and whether 
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this results in chronic neurological and cognitive deficits and reduced overall quality of life.   
Improvements need to continue to be made regarding standardization of emergency department 
treatment for mTBI cases that include acute treatment as well as clear follow-up
recommendations. Increased awareness of comorbid conditions and possible sex differences in 
type, frequency, and severity of symptoms as well as duration of recovery will improve the 
outcome of this population. 
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Appendix G
Data Collection Form
Date: ____________
Gender: Male/Female
Case # __________ Days since onset of concussion: __________________
Game/Practice
History of concussion ____
School ________________
AT comments: 
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
_______________________
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Appendix H
Kruskal-Wallis H rankings of symptom information comparing male and female self-reported 
concussion symptoms.
Symptoms H value P value
headache 18.38 .093
pressure in head 20.21 .473
neck pain 18.1 .012
nausea or vomiting 20.55 .462
dizziness 18.10 .051
blurred vision 20.10 .364
balance problems 20.50 .507
sensitivity to light 19.81 .333
sensitivity to noise 20.57 .585
feeling slowed down 19.00 .142
feeling like in a fog 18.67 .086
don't feel right 18.38 .071
difficulty concentrating 19.71 .300
difficulty remembering 20.76 .633
fatigue or low energy 17.98 .029
confusion 20.17 .362
drowsiness 19.17 .150
more emotional 18.50 .009
irritability 20.17 .345
sadness 19.07 .048
nervous or anxious 19.48 .118
trouble falling asleep 20.48 .288
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